Abstract. The present study aimed to identify the mutation causing an atypical syndrome. High-resolution single nucleotide polymorphism (SNP) arrays are considered to be a major detection method for submicroscopic chromosomal rearrangements smaller than 5 Mb in size. Genomic DNA samples of the patient and his parents were converted to a final concentration of 50 ng/ml. The Illumina BeadScan genotyping system and the HumanOmni1-Quad Chip were employed to obtain the signal intensities of SNP probes. The patient presented with congenital heart disease, autism, mental retardation, growth retardation, hypercalcemia, nephroliths and cleft palate. The karyotypes of the patient and his parents were normal. The present study employed high-resolution SNP arrays to analyze the whole genome for copy number variations (CNVs). A total of 309 CNVs were discovered. A de novo 1.5 Mb gain of chromosome 7q11. 23 (Chr7: 72,357,856,472) was identified following exclusion of CNVs presented in the Database of Genomic Variants. In conclusion, to the best of our knowledge, the current study describes the first case of a patient presenting with Williams-Beuren syndrome alongside supravalvular aortic stenosis, autism and cleft palate, and identifies an atypical deletion at 7q11.23.
Introduction
Williams-Beuren syndrome (WBS; also termed Williams' syndrome; Online Mendelian Inheritance in Man no. 194050) is characterized by personality, behavioral and emotional wellbeing irregularities, a distinctive facial appearance and congenital cardiovascular abnormalities, particularly supravalvular aortic stenosis (SAS). Following its first description in the 1960s (1,2), numerous publications have reported patients with WBS (3-5) and its estimated occurrence was ~1 in 10,000 (6) . Deletion of the WBS chromosome region (WBSCR) on the long arm of chromosome 7, spanning 1.5-1.8 million base pairs and containing 26-28 genes, was defined as the cause of WBS (7, 8) . However, autism and cleft palate are not part of the major phenotypes associated with WBS. High-resolution single nucleotide polymorphism (SNP) arrays are considered to be an important method for detection of submicroscopic chromosome rearrangements; rearrangements that are <5 Mb in size (9) . The present study provides a detailed report of a patient carrying a de novo 1.5 Mb deletion on chromosome 7q11.23, who presented with congenital heart disease (CHD), autism, mental retardation, growth retardation, hypercalcemia, nephroliths and cleft palate.
Materials and methods
Clinical description. The current study was approved by the Review Board of the Second Xiangya Hospital of Central South University (Changsha, China). Written informed consent for the publication of the patient images and all other details was obtained from the parents of the patient. The proband, a 5 year old male patient from Hunan province (China), was born at full-term with a length of 45 cm and a birth weight of 2,650 g. He was one of two children of non-consanguineous parents. At the birth of the patient, the father was 24 years old and the mother was 22 years old. There was no family history of birth defects and his brother was normal in a pedigree analysis. The patient exhibited feeding difficulties, cleft palate and a heart murmur following birth. Subsequently, CHDs, SAS and patent ductus arteriosus (PDA), were identified by transthoracic echocardiography (Fig. 1) . At the age of three years, The Department of Cardiovascular Surgery (The Second Xiangya Hospital) suggested that his cardiac defects required treatment for the mild symptoms (PDA, 2 mm; peak SAS gradients, 30 mmHg). At that time, the patient had moderate growth retardation, weighed 11 kg and had a height of 85 cm. The patient was later also diagnosed with hypercalcemia, nephroliths and impaired visuospatial abilities (10, 11) to perform diagnostic and behavioral assessments. The patient met the ADI-R criteria for autism in all three domains. The symptoms of the patient included severe deficits in the comprehension of simple language, reciprocal conversation, articulation and socializing with peers. The patient also met the Autism Diagnostic Observation Schedule criteria (10, 12) for autism in the restricted behavior, social and communication domain. The patient also presented with excessive non-social anxiety and was easily angered. The cognitive profile of the patient on the Wechsler Preschool and Primary Scale of Intelligence-3rd edition (13, 14) highlighted a low IQ range compared with his peers.
Cytogenetic analysis. Peripheral blood (5 ml) from the patient and parents were collected and chromosome analysis by conventional G-banded techniques (550 bands resolution) was performed as previously described (15, 16) . According to standard cytogenetic protocol (16) , all samples were subjected to lymphocyte culture.
DNA extraction. The genomic DNA was extracted from peripheral blood of the patient and his parents. Genomic DNA was prepared using a DNeasy Blood & Tissue kit (Qiagen, Inc., Valencia, CA, USA) on the QIA cube automated DNA extraction robot (Qiagen, GmbH, Hilden, Germany).
SNP-array analysis. Genomic DNA samples, at a final concentration of 50 ng/ml, of the patient and his parents were used in the present study. The Illumina BeadScan genotyping system (Beadstation Scanner 500; Illumina, Inc., San Diego, CA, USA) and the HumanOmni1-Quad Chip (Illumina, Inc.) were employed to obtain signal intensities of SNP probes.
Results
The karyotypes of the patient and his parents were normal. The current study employed a high-resolution SNP array system to analyze the whole genome for copy number variations (CNVs). A total of 309 CNVs were discovered. A de novo 1. (17, 18) . This chromosome region contains ~17 notable genes, including elastin (ELN) and the general transcription factor IIi (GTF2I) family (Fig. 2) . The parents did not carry this deletion. The 1.1 Mb region that overlapped with the WBSCR interval is indicated in Fig. 2 . This region contains certain genes typically associated with Williams-Beuren syndrome, including ELN, GTF2I and bromodomain adjacent to zinc finger domain 1B (BAZ1B).
Discussion
The patient in the current study presented with atypical phenotypes of CHD, autism, hypercalcemia and cleft palate, which are not usually linked to a diagnosis of WBS. However, high-resolution SNP arrays have proved an effective method of diagnosing syndromes when atypical phenotypes were observed. The deleted region of chromosome 7q11.23 in the patient, reported in the current study, spans 1.5 Mb and includes the genes ELN and the GTF2I family, amongst others. To the best of our knowledge, this is the first patient with WBS to also present with autism and cleft palate reported to date. Most notably, the patient presented with mild SAS and various other phenotypes, including autism and cleft palate, due to the different deleted region compared with the typically reported WBSCR. Numerous previous publications have reported the co-existence of WBS and autistic disorders with impairments in socialization and communication. Reiss et al (19) initially identified two patients that presented with autism alongside (24) identified the exact deletion in the chromosome by array-based comparative genomic hybridisation (Fig. 2) . Sanders et al (29) reported an association between autism and de novo duplications of 7q11.23, (where the reciprocal deletion causes WBS) characterized by a highly social personality. The patient in the current study presented with certain typical phenotypic characteristics of WBS, including SAS, hypercalcemia, and growth and intelligence retardation. It has been previously suggested that deletion of ELN contributes to SAS (30) , and the BAZ1B gene was suggested to contribute to hypercalcemia (31) . The GTF2I family, including GTF2I repeat domain containing 1, was suggested to contribute to the specific cognitive deficit exhibited in affected individuals (32) (33) (34) . However, autism and fear of strangers were not considered to be phenotypes of WBS. Sanders et al (29) reported that duplications of the 7q11.23 WBSCR are strongly associated with autism. As increasing number of patients with WBS are also presenting with autism, and the results of the current study indicate that autistic disorder should be considered as part of the phenotype of WBS. Cleft palate is one of most common congenital craniofacial deformities, but is rarely reported in WBS. Only five cases were reported in a previously published article (35) (36) (37) (38) , two of them were monozygotic twins and the others were sporadic cases.
In conclusion, to the best of our knowledge, the present study is the first to describe a case of WBS where SAS, autism and cleft palate are also present, and an atypical deletion of 7q11.23 was identified. High-resolution SNP arrays were demonstrated to be an effective method for providing a specific diagnosis of WBS despite the presence of atypical phenotypes. (24) . The blue box indicates the typical deleted interval of Williams-Beuren syndrome and the red box indicates the deleted interval of affected individuals in the present study and Edelmann et al (24) . Chr, chromosome; freq, frequency; GT, genetic test; OMIM, online mendelian inheritance in man.
